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1. Introduction {#j_hukin-2017-0061_s_001}
===============

Swimming as open-water swimming has a very long tradition ([@j_hukin-2017-0061_ref_010]; [@j_hukin-2017-0061_ref_019], [@j_hukin-2017-0061_ref_020]; [@j_hukin-2017-0061_ref_032]). Competitive pool swimming is one of the most popular Olympic sports practiced by millions of athletes worldwide. Research in competitive swimming has concentrated mostly on physiological and biomechanical aspects and less on performance analysis ([@j_hukin-2017-0061_ref_009]). In addition to the competitions for elite athletes, older swimmers participate in age-specific categories for master athletes (Knechtle et al., 2016). Master swimmers are defined by the FINA (Fédération Internationale de Natation) as athletes equal or older than 25 years ([www.fina.org](www.fina.org)). Swimming competitions are held in freestyle, backstroke, breaststroke and butterfly strokes and in the combination of the four strokes as the individual medley ([www.fina.org](www.fina.org)). Considering scientific research, freestyle swimming seems to be more attractive than other strokes such as butterfly. For instance, to date, a total of 167 scientific papers have been published on freestyle swimming performance, whereas only 41 papers on butterfly swimming performance according to the Pubmed database (the search of Pubmed database - [www.ncbi.nlm.nih.gov/Pubmed](www.ncbi.nlm.nih.gov/) - was performed on June 3, 2016 using the keywords 'freestyle, swimming, performance' and 'butterfly, swimming, performance' in the title).

In athletic performance, each distance and/or discipline has its age of optimum performance ([@j_hukin-2017-0061_ref_004]). In competitive pool swimming, the age of fastest swimmers competing in the World Championships and Olympic Games increased in the last 20 years and was higher in men compared to women ([@j_hukin-2017-0061_ref_021]). For elite butterfly swimmers, the age of peak performance ([@j_hukin-2017-0061_ref_036]) and the sex difference in peak butterfly performance ([@j_hukin-2017-0061_ref_021]; [@j_hukin-2017-0061_ref_033]; [@j_hukin-2017-0061_ref_036]) have been already investigated. Most of research on this sport discipline concerns elite swimmers and less information is available regarding master swimmers. Considering master athletes, it is known that swimming performance decreases with age ([@j_hukin-2017-0061_ref_012]; Senefeld et al., 2016). The decrease in performance in master swimmers is due to both a decrease in the metabolic power available and an increase in the energy cost of swimming ([@j_hukin-2017-0061_ref_035]). Among the four competitive strokes, a decrease in swimming speed was found highest in butterfly, where slowing with age was unaffected by the length of the race ([@j_hukin-2017-0061_ref_014]). However, little data exists for changes in performance across years for master swimmers (Senefeld et al., 2016).

Apart from the World Championships for elite swimmers, since 1986 the FINA holds biannually World Masters Championships (<http://www.fina.org/discipline/masters>) for all disciplines and distances in pool and open-water swimming. Butterfly swimming is one of the four major swimming strokes where the other three are freestyle, backstroke and breaststroke. A recent study investigating 65,584 freestyle master swimmers from 25-29 to 85-89 years competing in the FINA World Masters Championships between 1986 and 2014 showed that participation increased in both sexes mainly in older age groups, both sexes improved across time performance in all distances, and women were not slower than men in age groups 80-84 to 85-89 years (Knechtle et al., 2016).

Trends in performance and sex difference in performance in master butterfly swimmers are, however, not known. The knowledge of participation and performance trends of this specific cohort of swimmers would enable both athletes and coaches to enhance training and competing in this specific stroke. The aim of the present study was, therefore, to investigate changes in participation and performance in butterfly master swimmers competing in the FINA World Masters Championships between 1986 and 2014 in distances from 50 to 200 m. We hypothesized that participation would increase and performance would improve as it had been shown for master marathoners ([@j_hukin-2017-0061_ref_002]; [@j_hukin-2017-0061_ref_023]) and master freestyle swimmers (Knechtle et al., 2016). Based on recent findings for master freestyle swimmers, we also expected to find differences between sexes regarding participation and performance.

Material and Methods {#j_hukin-2017-0061_s_002}
====================

Ethics {#j_hukin-2017-0061_s_002_s_001}
------

The Institutional Review Board of St. Gallen, Switzerland, approved this study. Since the research involved analysis of publicly available data, the requirement for informed consent was waved.

Data sampling and analysis {#j_hukin-2017-0061_s_002_s_002}
--------------------------

All data were obtained from the official and publicly accessible FINA website ([www.fina.org](www.fina.org)). All female and male athletes competing in all master groups in the FINA World Masters Championships in butterfly for all distances (*i.e*. 50 m, 100 m, and 200 m) between 1986 and 2014 were analyzed for trends in participation, performance and sex differences. To eliminate a selection bias (*i.e*. restriction to a limited number of top swimmers), all successful female and male swimmers for all master groups in all years were included in data analysis. No swimmer was excluded. Mean performance time (min:s) for all master groups for each year was calculated.

Statistical analysis {#j_hukin-2017-0061_s_002_s_003}
--------------------

Trends in participation were examined using single linear regression analysis. The percent increase in participation was calculated using the equation which considered the number of participants in 2014 minus the number of participants in 1986 divided by the number of participants in 1986. The men-to-women ratio was calculated with all men and all women for each master group and the trend across years and across master groups was examined using single linear regression analysis. Multiple groups were compared using one-way analysis of variance (ANOVA) with a Tukey's post-hoc multiple comparison test. A mixed-effects regression model with the finisher as a random variable to consider finishers who completed several races was used to investigate changes in performance. We included sex, race distance and a calendar year as fixed variables. Interaction effects between sex and race distance were considered and the final model was selected by means of the Akaike information Criterion (AIC). Sex difference in swimming performance was calculated using the following equation: (\[race time in women\] -- \[race time in men\] / \[race time in men\] × 100). Trends in sex difference in swimming performance were examined using single linear regression analysis. Statistical analyses were performed using IBM SPSS Statistics (Version 22, IBM SPSS, Chicago, IL, USA). Significance was accepted at *p* \< 0.05 (two-sided for *t*-tests). Data in the text and tables are given as mean ± standard deviation (SD).

Results {#j_hukin-2017-0061_s_003}
=======

A total of 22,856 master swimmers (9,606 women and 13,250 men) were recorded between 1986 and 2014. In women, 4,935, 2,721, and 1,950 race times were classified in 50 m, 100 m and 200 m, respectively. In men, regarding the before mentioned distances, 7,156, 3,744 and 2,350 race times were recorded, respectively. [Figure 1](#j_hukin-2017-0061_fig_001){ref-type="fig"} presents the trend in participation for women and men for all distances from 50 to 200 m. In 50 m, participation increased in women in master groups 35-39 to 75-79 years and in men, in master groups 40-44 to 85-89 years. In 100 m, participation increased in women in master groups 30-34 to 75-79 years, while in men, it increased in groups 40-44 to 85-89 years. In 200 m, participation increased in women in master groups 40-44 to 70-74 years, while in men, the number of athletes increased in master groups 45-49 to 75-79 years. Considering percent changes ([Figure 1](#j_hukin-2017-0061_fig_001){ref-type="fig"}), the largest increases in participation (i.e. 50% and more) were found at shorter distances (*i.e*. 50 m) compared to longer ones (*i.e*. 100 and 200 m). Overall, larger increases were found in younger compared to older age groups for all distances.

![Participation in women and men in master groups from 50 m to 200 m](hukin-57-199-g001){#j_hukin-2017-0061_fig_001}

The men-to-women ratio remained unchanged across master groups from 25-29 to 90-94 years in 50 m (1.43 ± 0.35), 100 m (1.45 ± 0.36) and 200 m (1.33 ± 0.34) (*p* \> 0.05). Across calendar years, the men-to-women ratio remained unchanged at 1.42 ± 0.20, 1.36 ± 0.16 and 1.20 ± 0.14 in 50 m, 100 m and 200 m, respectively (*p* \> 0.05). The men-to-women ratio showed no difference between 50 m and 100 m (*p* \> 0.05). However, it was lower in 200 m compared to 50 m (*p* = 0.0014) and 100 m (*p* = 0.0048).

[Figure 2](#j_hukin-2017-0061_fig_002){ref-type="fig"} summarizes the race times for women and men for all distances and master groups, while [Tables 1](#j_hukin-2017-0061_tab_001){ref-type="table"} and [2](#j_hukin-2017-0061_tab_002){ref-type="table"} present the results of the mixed-effects regression analyses. For master groups 25-29 to 90-94 years, women and men improved their performance across years (*p* \< 0.05). For master groups 25-29 to 85-89 years, men were faster than women (*p* \< 0.05), however, it was not the case for the master group 90-94 years. Sex and distance showed a significant interaction in all master groups from 25-29 to 90-94 years for 200 m (*p* \< 0.05). For shorter distances, however, a significant interaction for sex × distance was observed from 25-29 to 75-79 years (*p* \< 0.05).

![Race times for women and men (min:s) in master groups from 50 m to 200 m](hukin-57-199-g002){#j_hukin-2017-0061_fig_002}

###### 

Results of the mixed-effects regression analyses for performance

in age groups 25-29 to 60-64 years

                                     Estimate   Standard error   df        t        *p*
  ---------------------------------- ---------- ---------------- --------- -------- ----------
  **25-29 years**                                                                   
  Constant term                      29.61      0.24             2806.23   121.51   \<0.0001
  \[sex=women\]                      4.45       0.37             2813.99   11.97    \<0.0001
  \[distance=200\]                   119.44     0.51             2372.51   233.49   \<0.0001
  \[distance=100\]                   35.93      0.33             1888.43   105.82   \<0.0001
  \[sex=women\] × \[distance=200\]   16.31      0.72             2248.77   22.58    \<0.0001
  \[sex=women\] × \[distance=100\]   6.05       0.51             1866.11   11.83    \<0.0001
  **30-34 years**                                                                   
  Constant term                      33.61      0.63             2057.30   52.79    \<0.0001
  \[sex=women\]                      8.96       1.02             2101.99   8.77     \<0.0001
  \[distance=200\]                   153.06     1.09             1801.43   139.52   \<0.0001
  \[distance=100\]                   43.64      0.90             1444.85   48.48    \<0.0001
  \[sex=women\] × \[distance=200\]   27.62      1.64             1868.64   16.78    \<0.0001
  \[sex=women\] × \[distance=100\]   11.98      1.41             1534.07   8.47     \<0.0001
  **35-39 years**                                                                   
  Constant term                      30.68      0.42             2570.92   71.94    \<0.0001
  \[sex=women\]                      6.01       0.66             2585.17   9.06     \<0.0001
  \[distance=200\]                   126.67     0.76             2063.57   165.86   \<0.0001
  \[distance=100\]                   37.50      0.57             1635.68   65.03    \<0.0001
  \[sex=women\] × \[distance=200\]   23.17      1.16             2078.93   19.86    \<0.0001
  \[sex=women\] × \[distance=100\]   8.05       0.89             1663.46   8.98     \<0.0001
  **40-44 years**                                                                   
  Constant term                      31.31      0.42             2674.28   74.43    \<0.0001
  \[sex=women\]                      6.84       0.66             2690.88   10.26    \<0.0001
  \[distance=200\]                   133.64     0.82             2226.08   162.93   \<0.0001
  \[distance=100\]                   38.88      0.60             1777.90   64.49    \<0.0001
  \[sex=women\] × \[distance=200\]   25.38      1.23             2261.73   20.60    \<0.0001
  \[sex=women\] × \[distance=100\]   8.31       0.963            1830.51   8.62     \<0.0001
  **45-49 years**                                                                   
  Constant term                      32.27      0.46             2508.14   69.43    \<0.0001
  \[sex=women\]                      6.97       0.73             2533.67   9.49     \<0.0001
  \[distance=200\]                   139.57     0.87             2239.03   158.68   \<0.0001
  \[distance=100\]                   40.43      0.65             1723.87   61.64    \<0.0001
  \[sex=women\] × \[distance=200\]   30.51      1.28             2222.69   23.71    \<0.0001
  \[sex=women\] × \[distance=100\]   10.81      1.04             1789.17   10.38    \<0.0001
  **50-54 years**                                                                   
  Constant term                      33.61      0.63             2057.30   52.79    \<0.0001
  \[sex=women\]                      8.96       1.02             2101.99   8.77     \<0.0001
  \[distance=200\]                   153.06     1.09             1801.43   139.52   \<0.0001
  \[distance=100\]                   43.64      0.90             1444.85   48.48    \<0.0001
  \[sex=women\] × \[distance=200\]   27.62      1.64             1868.64   16.78    \<0.0001
  \[sex=women\] × \[distance=100\]   11.98      1.41             1534.07   8.47     \<0.0001
  **55-59 years**                                                                   
  Constant term                      36.01      0.85             1596.78   42.21    \<0.0001
  \[sex=women\]                      10.92      1.33             1610.43   8.205    \<0.0001
  \[distance=200\]                   162.69     1.24             1373.23   130.31   \<0.0001
  \[distance=100\]                   47.88      1.06             1049.13   45.12    \<0.0001
  \[sex=women\] × \[distance=200\]   31.00      1.88             1320.75   16.48    \<0.0001
  \[sex=women\] × \[distance=100\]   13.27      1.64             1073.07   8.07     \<0.0001
  **60-64 years**                                                                   
  Constant term                      38.85      0.97             1359.15   39.94    \<0.0001
  \[sex=women\]                      12.88      1.53             1389.86   8.37     \<0.0001
  \[distance=200\]                   173.49     1.40             1298.88   123.81   \<0.0001
  \[distance=100\]                   50.53      1.21             1050.85   41.43    \<0.0001
  \[sex=women\] × \[distance=200\]   33.47      2.12             1279.36   15.78    \<0.0001
  \[sex=women\] × \[distance=100\]   15.18      1.88             1083.97   8.06     \<0.0001

###### 

Results of the mixed-effects regression analyses for performance

in age groups 65-69 to 90-94 years

                                     Estimate   Standard error   df        t        *p*
  ---------------------------------- ---------- ---------------- --------- -------- ----------
  **65-69 years**                                                                   
  Constant term                      41.45      1.34             1009.07   30.82    \<0.0001
  \[sex=women\]                      16.32      2.05             999.32    7.95     \<0.0001
  \[distance=200\]                   188.09     1.79             904.56    104.76   \<0.0001
  \[distance=100\]                   59.47      1.58             745.79    37.42    \<0.0001
  \[sex=women\] × \[distance=200\]   38.05      2.83             905.17    13.44    \<0.0001
  \[sex=women\] × \[distance=100\]   10.50      2.46             783.09    4.25     \<0.0001
  **70-74 years**                                                                   
  Constant term                      45.65      2.20             704.87    20.73    \<0.0001
  \[sex=women\]                      18.15      3.28             686.90    5.52     \<0.0001
  \[distance=200\]                   203.91     2.81             573.27    72.35    \<0.0001
  \[distance=100\]                   64.19      2.43             511.50    26.35    \<0.0001
  \[sex=women\] × \[distance=200\]   52.76      4.28             556.31    12.32    \<0.0001
  \[sex=women\] × \[distance=100\]   18.30      3.66             511.53    4.99     \<0.0001
  **75-79 years**                                                                   
  Constant term                      47.83      4.21             399.21    11.36    \<0.0001
  \[sex=women\]                      21.00      6.60             394.75    3.18     0.002
  \[distance=200\]                   251.39     5.89             403.62    42.62    \<0.0001
  \[distance=100\]                   76.92      5.33             373.47    14.42    \<0.0001
  \[sex=women\] × \[distance=200\]   54.72      9.48             384.91    5.77     \<0.0001
  \[sex=women\] × \[distance=100\]   24.04      8.38             346.83    2.86     0.004
  **80-84 years**                                                                   
  Constant term                      57.95      5.02             178.63    11.54    \<0.0001
  \[sex=women\]                      24.48      8.10             172.74    3.02     0.003
  \[distance=200\]                   269.15     7.94             165.36    33.86    \<0.0001
  \[distance=100\]                   84.18      6.83             163.20    12.32    \<0.0001
  \[sex=women\] × \[distance=200\]   37.26      12.01            155.10    3.10     0.002
  \[sex=women\] × \[distance=100\]   19.40      10.71            155.14    1.81     0.072
  **85-89 years**                                                                   
  Constant term                      71.76      7.72             43.26     9.29     \<0.0001
  \[sex=women\]                      37.86      14.44            41.10     2.62     0.012
  \[distance=200\]                   309.61     12.24            33.66     25.27    \<0.0001
  \[distance=100\]                   106.59     8.42             35.47     12.65    \<0.0001
  \[sex=women\] × \[distance=200\]   113.93     29.36            32.97     3.88     \<0.0001
  \[sex=women\] × \[distance=100\]   29.67      21.56            34.42     1.37     0.178
  **90-94 years**                                                                   
  Constant term                      81.79      11.35            11.68     7.20     \<0.0001
  \[sex=women\]                      17.61      19.66            11.68     0.89     0.388
  \[distance=200\]                   407.94     20.11            9.28      20.28    \<0.0001
  \[distance=100\]                   122.86     15.04            9.54      8.16     \<0.0001
  \[sex=women\] × \[distance=200\]   79.62      25.39            9.01      3.13     0.012
  \[sex=women\] × \[distance=100\]   33.90      21.60            9.04      1.56     0.151

[Figure 3](#j_hukin-2017-0061_fig_003){ref-type="fig"} presents the trend in sex difference across years. In 50 m, women reduced the sex difference in master groups 30-34 to 60-64 years (*p* \< 0.05). In 100 m, women decreased the gap to men in master groups 35-39 to 55-59 years (*p* \< 0.05). In 200 m, the sex difference became reduced in master groups 30-34 to 40-44 years (*p* \< 0.05).

![Sex difference (%) in performance in master groups 25-29 to 90-94 years from 50 m to 200 m](hukin-57-199-g003){#j_hukin-2017-0061_fig_003}

Discussion {#j_hukin-2017-0061_s_004}
==========

This study intended to investigate participation and performance trends in master groups of butterfly swimmers with the hypothesis that participation would increase and performance would improve from the first (Tokyo, 1986) to the last FINA World Masters Championship (Montreal, 2014). The most important findings were that (*i*) participation increased in master swimmers older than \~30-40 years, (*ii*) the men-to-women ratio remained unchanged across calendar years and master groups, but it was lower in 200 m compared to 50 and 100 m, (*iii*) women and men improved performance in all race distances and all master groups, (*iv)* women were not slower compared to men in the master group 90-94 years, and (*v*) women reduced the gap to men between \~30 years and \~60 years, although not in younger (\< 30 years) or older (\> 60 years) master groups.

The first important finding was that the number of successful competitors increased in both women and men preferably in the master groups of 30-40 years and older. In the FINA World Masters Championships, the youngest master group is 25-29 years (<http://www.fina.org/discipline/masters>). A very likely explanation could be that swimmers of this age still compete in high level races such as the World Championships and the Olympic Games ([@j_hukin-2017-0061_ref_004]; [@j_hukin-2017-0061_ref_005]; [@j_hukin-2017-0061_ref_021]). It has been shown that elite butterfly swimmers competing in finals at the World Championships and the Olympic Games are generally \~25 years of age or younger ([@j_hukin-2017-0061_ref_021]). However, the increase in participation is very similar to this observed in other strokes such as freestyle, backstroke and breaststroke. A study investigating participation and performance trends for master freestyle swimmers showed that participation increased in women and men in older age groups (*i.e*., 40 years and older) ([@j_hukin-2017-0061_ref_016]). For backstroke, the increase in participation was more pronounced in older age groups ([@j_hukin-2017-0061_ref_030]), while for breaststroke, the trend was very similar to freestyle with an increase in participation in athletes older than 40 years ([@j_hukin-2017-0061_ref_017]).

Masters swimming is a fast-growing leisure activity, particularly in the United States of America (<https://www.usms.org/>), Canada (<http://mymsc.ca/>) and Australia (<http://mastersswimming.org.au/>), but also in Europe (<http://www.len.eu/default.aspx>). Marketing, network, funding and culture effects around masters swimming that changed in the last couple of years and the information about this sport discipline reached a worldwide projection. Most towns or cities now have masters clubs. Typically, these are very friendly and welcome newcomers. The minimum requirements to join a masters club vary widely, from the ability to swim one length of the pool to the ability to cover the distance of one kilometre without stopping.

A further aspect might be the increase in life expectancy. For swimmers aged 30-95 years, better health in higher ages and the increase in life expectancy might explain increased participation in master group swimmers. Nowadays, more people live to older ages with better overall functioning ([@j_hukin-2017-0061_ref_006]). Due to better health, elderly people have levels of physical and mental capacities similar to those of younger ones (<http://www.who.int/ageing/events/world-report-2015-launch/en/>).

Centenarians on average function physically and cognitively as well as 92-93-year-olds due to selective mortality ([@j_hukin-2017-0061_ref_007]). The global share of older people aged 60 years or older increased from 9.2% in 1990 to 11.7% in 2013, and it will continue to grow and is expected to reach \~21.1% by 2050. Globally, the share of older persons aged 80 years or older within the older population was \~14% in 2013 and is estimated to reach \~19% in 2050 (<http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013.pdf>). The worldwide number of living nonagenarians and centenarians is growing steadily (<http://esa.un.org/unpd/wpp/>). For nonagenarians, their number rose between 1995 and 2010 from 6.71 to 12.12 million. In 2050, this number is expected to reach the value of 71.16 million. For centenarians, their number in Western Europe and Japan grew at an annual rate of about 7% between the 1950s and 1980s, doubling every decade (<http://www.popline.org/node/291152>). Therefore, it was deduced that the overall increase in participation in FINA World Masters Championships might be due to the increased number of the older general population as well as growing popularity of sports participation.

The second important finding was that the men-to-women ratio remained unchanged across calendar years and master groups, although it was lower in 200 m compared to 50 and 100 m. In other terms, the number of female competitors in 200 m was relatively higher compared to 50 and 100 m. Thus, female master butterfly swimmers were motivated to compete in longer race distances compared to their male counterparts. An explanation of the lower men-to-women ration in 200 m compared to shorter distances might be that women performed relatively better, *i.e*. reduced gender difference, in 200 m than in shorter distances. Also differences in anthropometric characteristics might explain these findings. Women have higher fat mass and/or higher flexibility compared to men allowing better buoyancy and trunk motion during the race (*i.e*. culminating with less energy cost through the distance swum) ([@j_hukin-2017-0061_ref_029]; [www.sportsci.org/2014/BMS2014_Abstracts.pdf](www.sportsci.org/2014/BMS2014_Abstracts.pdf)). The men-to-women ratio was different to freestyle swimmers competing from 50 to 100 m. In these swimmers, the ratio remained unchanged in age groups 25--29 to 75--79 years in 50, 100 and 400 m, but increased in 200 and 800 m. For age groups 80--84 to 85--89 years, the men-to-women ratio remained unchanged in 50 and 100 m, however, it decreased in 200 to 800 m (Knechtle et al., 2016). For backstroke swimmers, there was no consistent trend in the men-to-women ratio ([@j_hukin-2017-0061_ref_030]). In breaststroke swimmers, the men-to-women ratio remained unchanged for 50 m, 100 m and 200 m ([@j_hukin-2017-0061_ref_018]).

The third important finding was that women and men improved performance in all master groups and for all distances. This confirms previous findings for other master athletes such as master marathon runners ([@j_hukin-2017-0061_ref_023]) and master swimmers ([@j_hukin-2017-0061_ref_003]; [@j_hukin-2017-0061_ref_024]). Also in freestyle ([@j_hukin-2017-0061_ref_017]), backstroke ([@j_hukin-2017-0061_ref_030]) and breaststroke ([@j_hukin-2017-0061_ref_018]), female and male master swimmers improved race times across years in all age groups and distances. However, this study shows that also octogenarians and nonagenarians improved their performance in swimming, since in the studies of [@j_hukin-2017-0061_ref_003] and [@j_hukin-2017-0061_ref_023], the oldest athletes were younger than 80 years. A very likely explanation that these master swimmers improved performance could be their training. Life-long exercise is associated with favorable body composition ([@j_hukin-2017-0061_ref_015]) and a higher level of physical activity is associated with higher skeletal muscle mass ([@j_hukin-2017-0061_ref_026]). For older master swimmer aged 52-82 years, it has been shown that training distance was an important factor for maintaining muscle mass and function in the aging process ([@j_hukin-2017-0061_ref_001]). A study investigating French master swimmers showed positive health outcomes in terms of weight management, respiratory function, and vitality due to their race preparation ([@j_hukin-2017-0061_ref_025]). The improvement in swimming performance in master athletes is in agreement with improvement in elite swimmers. For example, elite butterfly swimmers competing between 1994 and 2011 at national level (Switzerland) improved swimming speed at all distances ([@j_hukin-2017-0061_ref_036]).

Another interesting finding was that men were faster than women from 25 to 89 years, but not from 90-94 years. This finding confirms recent data in master freestyle swimmers where women were slower than men for age groups 25-29 to 75-79 years, but not for age groups 80-84 to 85-89 years (Knechtle et al., 2016).

The very small number of female and male athletes older than 90 years might be the most likely explanation for these findings. The numbers of swimmers of 90 years and older in 50 m, 100 m and 200 m were 9, 4, and 3, respectively. Expressed in percentages of the overall field, the values were 0.0007%, 0.0006% and 0.0007%, respectively. Another explanation could be the higher life expectancy in women compared to men. The older population is predominantly female. Since women tend to live considerably longer than men, older women outnumber older men almost everywhere. In 2013, globally, there were 85 men per 100 women in the master group 60 years or over and 61 men per 100 women in the master group 80 years or over (<http://www.un.org/en/development/desa/population/publications/pdf/ageing/WorldPopulationAgeing2013.pdf>). Considering master swimmers, regular training resulted in more positive health effects in women compared to men ([@j_hukin-2017-0061_ref_025]). Differences in anthropometric characteristics in elderly women and men might also explain this finding since differences occur between the sexes regarding the age-related loss in skeletal muscle mass. Men older than 70 years lose significantly more fat free mass than women ([@j_hukin-2017-0061_ref_011]). In 68-78 year old women and men, the rate of loss in leg muscle was significantly higher in men than in women ([@j_hukin-2017-0061_ref_034]). In people older than 80 years, the prevalence of sarcopenia was \~31% in women and \~53% in men ([@j_hukin-2017-0061_ref_016]). There are also differences between women and men for fat-free mass with respect to age. Fat-free mass remained stable up to 60 years of age in men and was lower at 75 years of age compared with the younger ages. In women, it was lower from age 60 ([@j_hukin-2017-0061_ref_022]). Furthermore, it was observed that men older than 70 years lost significantly more fat-free mass than women ([@j_hukin-2017-0061_ref_011]). Another study indicated that the fat-free mass index decreased with age in both women and men, although it remained constant among the women with only a 1% decrease up to the age of 84 years ([@j_hukin-2017-0061_ref_027]). Our findings differ, however, from the findings of [@j_hukin-2017-0061_ref_028] investigating finishing times of the top ten men and women world record performances for butterfly from 1986 to 2011 in 13 5-year age brackets between 25 and 89 years of age. Men were faster than women across all master groups, world record places and distances for all strokes, with the greatest sex difference for butterfly. The most likely explanation for these disparate findings is that [@j_hukin-2017-0061_ref_028] considered top ten women and men world record performances until the age of 89 years, while we considered all finishers at the FINA World Masters Championships until the age of 94 years without selection of the top athletes.

The last important finding was that women reduced the gap to men mainly in the middle-aged groups (*i.e*. 30-64 years), but not in younger and older master groups. Again, our findings differ from those of [@j_hukin-2017-0061_ref_028] where sex difference in butterfly swimming speed increased with advanced age. Moreover, the sex difference in performance decreased with longer race distances. Yet again, the most likely explanation is difference between the two samples.

The present study focused on performance trends in master butterfly swimmers who participated in the FINA World Championships. Since the butterfly stroke differs from breaststroke, front crawl and backstroke with regard to swimming energetics and speed ([@j_hukin-2017-0061_ref_013]), start and turns ([@j_hukin-2017-0061_ref_031]) as well as buoyancy ([@j_hukin-2017-0061_ref_008]), caution is needed when generalizing the findings from the butterfly to the other strokes. On the other hand, the findings of this study might help swimming coaches and fitness specialists working with master athletes to develop optimal training programs especially considering gender differences in performance.

In summary, participation increased in master swimmers older than \~30-40 years, the men-to-women ratio remained unchanged across calendar years and master groups, although it was lower in 200 m compared to 50 and 100 m, women and men improved their performance in all race distances and all master groups, women were not slower compared to men in master group 90-94 years, and women reduced the gap to men between \~30 and \~60 years, however, not in younger or older master groups. Based on these findings, we expect a further increase in participation in older master groups and an improvement in performance in these older ages for master butterfly swimmers. For athletes and coaches, we expect a continuous trend in increasing participation and improved performance in master butterfly swimmers. Coaches should be aware of the fact that women at older ages are able to achieve a similar performance to men and therefore, that training of elderly male master swimmers needs adaptations (*i.e*. elderly men should train with higher intensity compared to elderly women).
